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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the spectrum with which the wavelength dispersion component was used for this 
invention - equipment - being related - the spectrum which can improve opposite environment nature 
and the temperature characteristic especially - it is related with equipment. 
[0002] 

Pescription of the Prior Art] the conventional spectrum with equipment, light is separated and 
detected for every wavelength by receiving with a photodetector the light by which wavelength 
dispersion was carried out by irradiating incident light at the diffraction grating which is a wavelength 
dispersion component. 

[0003] such [ drawing 4. ] a conventional spectrum it is the block diagram showing an example of 
equipment. As for the incidence edge where, as for 1, incidence of the output light of the light source or 
the outgoing radiation light from an optical fiber is carried out from the exterior, and 2, in drawing 4 , a 
collimating lens and 3 are the photodetectors with which wavelength dispersion components, such as a 
diffraction grating, and 4 used the focusing glass, and 5 used the photodiode array etc. 
[0004] The output light from the incidence edge 1 is changed into parallel light by the collimating lens 
2, and incidence is carried out to the wavelength dispersion component 3. It is condensed by the 
focusing glass 4 and incidence of the light by which wavelength dispersion was carried out from the 
wavelength dispersion component 3 is carried out to a photodetector 5. 

[0005] Moreover, drawing 5 is the structure section Fig. showing an example of the diffraction grating 
which is the wavelength dispersion component 3. The replica of the resin with which many grids for the 
substrate in which 6 is formed with glass etc. in drawing 5 , and 7 to produce diffraction were prepared, 
and 8 are metaled reflective film. 

[0006] On a substrate 6, the replica 7 of the resin with which many grids were prepared is formed, and it 
is covered with the front face of a replica 7 with the reflective film 8. 

[0007] Here, actuation of the conventional example shown in drawing 4 is explained. Since an angle of 
diffraction changes with the wavelength, outgoing radiation of the light by which incidence was carried 
out to the wavelength dispersion components 3, such as a diffraction grating, is carried out in the 
direction different, respectively as the diffracted light, and it is condensed by each photo detector which 
constitutes a photodetector 5 by the focusing glass 4, respectively. 

[0008] For example, the light of different wavelength is condensed in the photo detector located in 
"FPOr, "FP02", and "FP03 M among drawing 4 . In the conventional example shown in drawing.6 , since 
it is not necessary to rotate the wavelength dispersion components 3, such as a diffraction grating, it 
excels in rapidity and dependability. 

[0009] for example, the degree of the diffraction of the wavelength dispersion components 3, such as a 
diffraction grating, - the lattice constant of "m" and the wavelength dispersion components 3, such as a 
diffraction grating, - M d", the incident angle to the wavelength dispersion components 3, such as a 
diffraction grating, and an outgoing radiation angle - "i" and "theta", and wavelength - "lambda", then 



htt.n://www4.iDdl.iDO.co.io/cei-bin/tran web cgi eiie 



7/21/04 



Page 2 of 7 



mlambda/d=sini+sintheta (1) 
It becomes. 

[0010] a spectrum as shown in drawing. .4 - when equipment is designed so that the narrow wavelength 
range may be treated like a WDM (Wavelength Division Multiplxing: wavelength multiple signal) 
system monitoring monitor, as compared with the focal distance of a focusing glass 4, the breadth of the 
optical path by wavelength dispersion becomes small, and the location and outgoing radiation angle of 
each component when use the photograph DAO door lei of one-dimensional array as a photodetector 5 
become proportionality mostly. 

[001 1] However, the relation between wavelength and an outgoing radiation angle is dlambda/dtheta|i= 
(d/m) andcostheta which differentiated the formula (1). (2) 
It becomes. 

[0012] As shown in a formula (2), wavelength and a distributed angle will be proportional to the cosine 
of an outgoing radiation angle, this outgoing radiation angle - a spectrum - it can ask from a formula 
(1) using the lattice constant of the wavelength range of equipment, and the diffraction grating to be 
used, the focal distance of the FOKANSHINGU lens 4, etc. 

[0013] such [ drawi.ng.6 ] a spectrum - it is the table showing the example of 1 design of equipment, 
and drawing.2 is the table showing the outgoing radiation angle over each wavelength, in this case - for 
example7-- " ' lambda - = -1.55 - [-- mu - m «] - " - " - a grid - a number -- 900 - [- 1 /-- mm 
__] - " - and -- " - 32 - [-- nm -] - " -- wavelength -- the range -- " - 190 - a piece - " -- a photo 
detector - then - an average ~ wavelength dispersion - " - 32 - /-- 190 - = - about - 0. 17 - [-- nm - 
] - " - becoming . 

[0014] Moreover, if a focal distance f2 uses the thing of "50mm" as a collimating lens 2, the use field of 
the wavelength dispersion components 3, such as a diffraction grating, will be decided by the incident 
angle to the numerical aperture and the wavelength dispersion component 3 of the incidence edge 1, and 
will serve as an ellipse of the major axis of "11.1 [mm]." 

[0015] the "theoretical resolution by Reileigh criteria since lambda/delta lambda" can be found" in the 
total slot number of the diffraction grating which is the wavelength dispersion component 3 - 
900x11.1**10000 (3) 

Come out and it is. Lambda/delta lambda=l .55/deltalambda=10000 (4) 
thereforedeltalambda=1.55 / 10000**0.15 [nm] (5) 
It becomes. 

[0016] Moreover, magnitude"omega" of image formation is the ratio of "3.4 [mm]", and the radius of 
light and focal distance which carry out incidence to a focusing glass 4 about the beam width of the 
diffracted light "NA", then omega-2andlambda/(pi-NA) (6) 
It becomes. 

[0017] The magnitude of a formula (6) to image formation is set to "0.2 [nm]" by the product with 
average wavelength dispersion"0.17nm/50micrometer" in "59 [mum]", and is a tittle less than theoretical 
resolution "deltalambda=0.15[nm] M , and resolution serves as a suitable value. 
[0018] 

[Problem(s) to be Solved by the Invention] However, as shown in a formula (5) in the conventional 
example shown in drawing 4 , since it was dependent on the area size used with the wavelength 
dispersion components 3, such as a diffraction grating, in order to raise resolution, resolution is difficult 
to make small the optic which constitutes optical system, and had the trouble which the miniaturization 
of equipment said was difficult. 

[0019] Moreover, the replica part of the diffraction grating which is the wavelength dispersion 
component 3 as shown in drawing 5 had the trouble said that opposite humidity is inferior as compared 
with an optic like the lens currently formed with glass etc., or prism. 

[0020] Furthermore, if the lattice constant of "T" and a diffraction grating is set to "D" and it sets [ the 
refractive index of air ] wavelength to "lambda" for "nair" and temperature in using in air the diffraction 
grating shown in drawing..5 , it is the temperature characteristic of the outgoing radiation angle" theta". d 
theta/dT = 4ambda/(D-costheta) x{dD/(D-dT) 
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+(l/nair)(dnair/dT)} (7) 
It becomes. 

[0021] In a formula (7), the 1st term in "{}" is the coefficient of linear expansion of the diffraction 
grating which is the wavelength dispersion component 3, and the 2nd term is the temperature coefficient 
of the refractive index of air. Moreover, temperature coefficient of wavelength dlambda/dT= 
(dlambda/dtheta) - (d theta/dT) 
= -lambda-{dD/(D-dT) 
+(l/nair)(dnair/dT)} (8) 
It becomes. 

[0022] For example, if the diffraction grating which set wavelength to " 1 .55 micrometers" and used 
Pyrex glass as the substrate 6 is used in air, the temperature coefficient will become "about 3.7 pm 
(s)/degree C." namely, a spectrum — the wavelength property of equipment had the trouble referred to as 
having the temperature characteristic resulting from the coefficient of linear expansion of the ingredient 
of a diffraction grating, therefore, the spectrum [ the technical problem which this invention tends to 
solve ] which can improve opposite humidity and the temperature characteristic — it is in realizing 
equipment. 
[0023] 

[Means for Solving the Problem] In order to attain such a technical problem, among this inventions 
invention according to claim 1 the spectrum using a wavelength dispersion component - in equipment 
with the collimating lens which makes incident light parallel light The shape-of-beam amendment 
means which is united with a wavelength dispersion component and this wavelength dispersion 
component, carries out incidence of said parallel light from said collimating lens to said wavelength 
dispersion component, and the outgoing radiation light of said wavelength dispersion component is 
made refracted, and carries out outgoing radiation, By having had the focusing glass which condenses 
the output of this shape-of-beam amendment means, and the photodetector which detects the output light 
of this focusing glass, since shape-of-beam amendment means, such as prism, are formed in the replica 
on the front face of a diffraction grating, moisture resistance will be improved. 

[0024] Moreover, by amending the outgoing radiation light of a wavelength dispersion component with 
a shape-of-beam amendment means, the nonlinearity resulting from the cosine component of the 
outgoing radiation angle of a wavelength dispersion component will be compensated with the 
nonlinearity by the cosine component of a shape-of-beam amendment means, and flattening of a 
wavelength dispersion property becomes possible. Moreover, an improvement of the temperature 
characteristic is attained by amending the temperature coefficient at the time of unifying a wavelength 
dispersion component and a shape-of-beam amendment means with the temperature coefficient by 
refraction by the plane of incidence of a shape-of-beam amendment means, furthermore, the thing for 
which the refractive index of the medium of shape-of-beam amendment means, such as prism, is 
enlarged - wavelength - without it sacrifices resolution - a spectrum - the miniaturization of 
equipment is attained. 

[0025] the spectrum whose invention according to claim 2 is invention according to claim 1 ~ in 
equipment, when said wavelength dispersion means is a diffraction grating, since shape-of-beam 
amendment means, such as prism, are formed in the replica on the front face of a diffraction grating, 
moisture resistance will be improved. Moreover, by amending the outgoing radiation light of a 
wavelength dispersion component with a shape-of-beam amendment means, the nonlinearity resulting 
from the cosine component of the outgoing radiation angle of a wavelength dispersion component will 
be compensated with the nonlinearity by the cosine component of a shape-of-beam amendment means, 
and flattening of a wavelength dispersion property becomes possible. Moreover, an improvement of the 
temperature characteristic is attained by amending the temperature coefficient at the time of unifying a 
wavelength dispersion component and a shape-of-beam amendment means with the temperature 
coefficient by refraction by the plane of incidence of a shape-of-beam amendment means, furthermore, 
the thing for which the refractive index of the medium of shape-of-beam amendment means, such as 
prism, is enlarged - wavelength — without it sacrifices resolution « a spectrum — the miniaturization of 
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equipment is attained. 

[0026] the spectrum whose invention according to claim 3 is invention according to claim 1 - in 
equipment, when said shape-of-beam amendment means is prism, since shape-of-beam amendment 
means, such as prism, are formed in the replica on the front face of a diffraction grating, moisture 
resistance will be improved. Moreover, by amending the outgoing radiation light of a wavelength 
dispersion component with a shape-of-beam amendment means, the nonlinearity resulting from the 
cosine component of the outgoing radiation angle of a wavelength dispersion component will be 
compensated with the nonlinearity by the cosine component of a shape-of-beam amendment means, and 
flattening of a wavelength dispersion property becomes possible. Moreover, an improvement of the 
temperature characteristic is attained by amending the temperature coefficient at the time of unifying a 
wavelength dispersion component and a shape-of-beam amendment means with the temperature 
coefficient by refraction by the plane of incidence of a shape-of-beam amendment means, furthermore, 
the thing for which the refractive index of the medium of shape-of-beam amendment means, such as 
prism, is enlarged - wavelength - without it sacrifices resolution - a spectrum - the miniaturization of 
equipment is attained. 
[0027] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained to a detail using a 
drawing below, the spectrum which drawing 1 requires for this invention - it is the block diagram 
showing one example of equipment In drawing 1 , 1, 2, 4, and 5 have attached the same sign as drawing 
4 , 9 is wavelength dispersion components, such as a diffraction grating, and 10 is shape-of-beam 
amendment means, such as prism. 

[0028] The output light from the incidence edge 1 is changed into parallel light by the collimating lens 
2, and incidence is carried out to the wavelength dispersion components 9, such as a diffraction grating, 
through the shape-of-beam amendment means 10, such as prism. It is again condensed by the focusing 
glass 4 through the shape-of-beam amendment means 9, and incidence of the diffracted light from the 
wavelength dispersion components 10, such as a diffraction grating, is carried out to a photodetector 5. 
[0029] Here, the example shown in drawing 1 is explained using drawing 2 . Drawing 2 is an 
explanatory view explaining the optical path in the wavelength dispersion component 9 and the shape- 
of-beam amendment means 10, among drawing.!, "IL01 " is incident light and "OL01" is outgoing 
radiation light. Moreover, since fundamental actuation is the same as that of the conventional example 
shown in drawing 6 , explanation is omitted. 

[0030] Since shape-of-beam amendment means, such as prism, are formed in the replica of the front face 
of a diffraction grating as shown in drawing 5 , moisture resistance will be improved. 
[003 1] moreover, a spectrum - if the wavelength dispersion property of equipment is searched for by 
the formula (2) and transforms this - dlambda=(d/m) andcostheta-dtheta (9) 

supposing the photo detectors which constitute a next door and a photodetector 5 are regular intervals, it 
will originate in a cosine component (costheta) and an ununiformity will arise in wavelength dispersion - 
- things — ** In other words, nonlinearity exists. 

[0032] On the other hand, the formula of refraction is nl, sinphi=n2, andsinpsi, when "nl" and M n2 M , an 
incident angle, and an outgoing radiation angle are set to "phi" and "psi" for the refractive index of a 
medium. (10) 

When it differentiates by the next door and "phi", they are nl, cosphi-dphi=n2, andcospsi-dpsi. (1 1) 
It becomes. 

[0033] As shown in a formula (1 1), it depends also for angle of refraction on a cosine component. 
Therefore, it becomes possible to compensate the nonlinearity resulting from the cosine component of 
the outgoing radiation angle of the wavelength dispersion component 9 with the nonlinearity by the 
cosine component of refraction (shape-of-beam amendment means 10). 

[0034] drawing 2 — setting — the angle of incidence and outgoing radiation angle of the wavelength 
dispersion component 9 - "theta 1", "theta2 "angle-of-incidence [ of the shape-of-beam amendment 
means 10 ] and outgoing radiation angle" theta3", and "theta 4" - carrying out - the refractive index of 
the shape-of-beam amendment means 10 - "n" and wavelength - "lambda", then 
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sinthetal+sintheta2=lambda/(n-d) (12) 
dtheta2/d=-dtheta3/dlambda (13) 
n-sintheta3=sintheta4 (14) 
It becomes. 

[0035] And average wavelength dispersion is obtained by differentiating and arranging a formula (14) 
from a formula (12). dtheta4/dlambda-costheta3/(d-costheta2 and costheta4) (15) 
It becomes. 

[0036] Furthermore, a formula (15) is transformed. d2theta4/dlambda2=(dtheta4/dlambda) 2 x 
{sintheta4 / costheta4 -(sintheta2 and costheta4)/(n-costheta2 and costheta3) 
- sintheta3andcostheta4/(n-cos 2theta3)} (16) 
It becomes. 

[0037] Since it is n d2theta4/d2=0" here in order for this property to be linearity, a formula (16) is 
transformed, and it is tantheta3/(l-n2, sin 2theta3). 
= n-tantheta2/(n2-l) (17) 
It becomes. 

[0038] Consequently, by amending the outgoing radiation light of the wavelength dispersion component 
9 with the shape-of-beam amendment means 10, the nonlinearity resulting from the cosine component of 
the outgoing radiation angle of the wavelength dispersion component 9 will be compensated with the 
nonlinearity by the cosine component of the shape-of-beam amendment means 10, and flattening of a 
wavelength dispersion property becomes possible. 

[0039] moreover, the relative value [ as opposed to / since a temperature coefficient exists also in the 
refractive index of media, such as prism which is the shape-of-beam amendment means 10, / the air of a 
medium ] of a temperature coefficient - "nr "absolute value" na" » carrying out - the refractive index 
of air - "nair" — then - nr=na/nair (18) 
(l/nr)(dnr/dT)=(l/na)(dna/dT) -(l/nair)(dnair/dT) (18) 
It is expressed nair**l and nr**na. 

[0040] The temperature coefficient at the time of unifying the wavelength dispersion component 9 and 
the shape-of-beam amendment means 10 is explained using drawing 3 . Drawing 3 is an explanatory 
view explaining the optical path in the wavelength dispersion component 9 and the shape-of-beam 
amendment means 10. the inside of drawing.3. - "IL12" and "IL22" - the inside of incident light and 
drawing 3 - "OL12" and "OL22" -- outgoing radiation light - it is -- drawing 3 (A) -- incident light -- 
the case where "IL2r carries out clockwise rotation refraction to the drawing 3 front face on the front 
face of the shape-of-beam amendment means 10 - drawing 3 (B) - incident light - when "IL22" carries 
out counterclockwise rotation refraction to the drawing 3 front face on the front face of the shape-of- 
beam amendment means 10, ** is shown, respectively. 

[0041] In the case of drawjng.3 (A), it is incident light"IL12 (or), the angle of incidence over the shape- 
of-beam amendment means 10 of "IL22"" -- the incident light of "thetai" and the shape-of-beam 
amendment means 10 -- " - IL12 (or) the angle of refraction of "IL22"" - "thetaO "incident angle to 
wavelength dispersion component 9" thetai", and the angle of diffraction in the wavelength dispersion 
component 9 - "theta 2" and outgoing radiation light - " - OL12 (or) " - OL22 - ""incident angle of 
the diffracted light to outgoing radiation side of shape-of-beam amendment means 10 by which outgoing 
radiation is carried out" theta3", and the angle of refraction in said outgoing radiation side - "theta 4", 
then nr-sintheta0= - sinthetai ~ (19) 
dtheta0=dthetal (20) 
sinthetal+sintheta2=lambda/(d-na) (21) 
dtheta2=-dtheta3 (22) 
nr-sintheta3=sintheta4 (23) 
It becomes. 

[0042] If a formula (19) - a formula (23) are differentiated by temperature'T" (dnr/dT) -sinthetaO+nr- 
costhetaO and (dthetaO/dT) =0 (24) 
dtheta0-/dT=d thetal/dT (25) 
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costhetaland(dthetal/dT) +costheta2- (dtheta2/dT) =-lambda/(d-na) x {(1/d) (dd/dT)+ (1/na) (dna/dT)} 
(26) 

dtheta2/dT=-dtheta3/dT (27) 

(dnr/dT) -sintheta3+nr-costheta3- (dtheta3/dT) =costheta4- (dtheta4/dT) (28) 
It becomes. 

[0043] If a formula (24) - a formula (28) are arranged dtheta4-/dT= (sintheta3/costheta4) (dnr/dT) + nr- 
costheta3/costheta4 (dtheta3/dT) = sintheta3/costheta4 (dnr/dT) - nr-costheta3/costheta4 x[-lambda/(d- 
na) (l/costheta2) x {(1/d) (dd/dT)+ (1/na) (dna/dT)} - costhetal-/costheta2(dthetal/dT)] = 
(sintheta3/costheta4) (dnr/dT) + lambda-cos theta3/(d-costheta2 and costheta4) x {(1/d) (dd/dT)+ (1/na) 
(dna/dT)} - sinthetaO, costhetal, andcostheta3/(costheta0, costheta2, and costheta4) x (dnr/dT) = 
tantheta4 -(1/nr)- (dnr/dT) - lambda- (dtheta4/dlambda) x {(1/d) (dd/dT)+ (1/na) (dna/dT)} -(sinthetai- 
cos thetal and costheta3)/(costheta0, costheta2, and costheta4) x (1/nr) and (dnr/dT) (29) 
It becomes, 

[0044] Here, if M (l/nr) -(dnr/dT)" which is the temperature coefficient of a medium is a usually used 
medium, it is a forward value. At this time, it is dtheta4/dlambda<0(l/d) (dd/dT) > 0 (l/na)> (dna/dT) 00 
degree<thetaj<90 degree. (j=i, 1, 2, 3, 4) 

It comes out, and since it is, the 1st term and the 2nd term of a formula (29) are a forward value. 
[0045] on the other hand - a formula (~ 29 --) - the - three a term - negative - a value - it is -- 
since - wavelength dispersion a component -- nine the shape of beam - amendment - a means - 
ten - having unified - a case - a temperature coefficient - " -- d - theta - four - /- dT -- " - it can 
decrease . 

[0046] Moreover, according to [ the 1st term in a formula (29) / the 3rd term / refraction / by the plane 
of incidence of the shape-of-beani amendment means 10 ] according to diffraction with the wavelength 
dispersion component 9 in the refraction in respect of the outgoing radiation of the shape-of-beam 
amendment means 10, and the 2nd term. 

[0047] Consequently, an improvement of the temperature characteristic is attained by amending the 
temperature coefficient at the time of unifying the wavelength dispersion component 9 and the shape-of- 
beam amendment means 10 with the temperature coefficient by refraction by the plane of incidence of 
the shape-of-beam amendment means 10. 

[0048] On the other hand, since the sign of the 3rd term of a formula (29) changes from "-" at "+" in the 
case of drawing 3 (B), it will become only the term which enlarges temperature coefficient"dtheta4/dT." 
However, since the medium whose "(1/nr) -(dnr/dT)" which is the temperature coefficient of a medium 
is a negative value also exists, reduction of temperature coefficient" dtheta4/dT" is also possible by using 
such a medium. 

[0049] furthermore, wavelength - in order to miniaturize without sacrificing resolution - the lattice 
constant of a diffraction grating -- although it is necessary to make "d M small, since the upper limit of the 
right-hand side of a formula (1) is "2" -- wavelength -- if "lambda" is decided - a lattice constant -- the 
minimum value of "d" will also be able to be found naturally. 

[0050] on the other hand, when the wavelength dispersion components 9, such as a diffraction grating, 
and the shape-of-beam amendment means 10, such as prism, are unified, it is shown in a formula (12) - a 
formula (14) - as - the refractive index of a medium - since it becomes a product with "n" and lattice 
constant "d" -- a refractive index, so that "n" becomes large -- a lattice constant -- "d" can be made 
small. 

[0051] in other words enlarging the refractive index of the medium of the shape-of-beam amendment 
means 10, such as prism, - wavelength - without it sacrifices resolution - a spectrum - the 
miniaturization of equipment is attained. 

[0052] In addition, it is possible ****** and to aim at a damp-proof improvement for the shape-of-beam 
amendment means 10, such as prism, if not a shape-of-beam amendment means but some windows, 
such as prism, are especially established in a diffraction-grating front face on the replica on the front 
face of a diffraction grating which is the wavelength dispersion component 9. 
[0053] Moreover, in unifying the wavelength dispersion component 9 and the shape-of-beam 
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amendment means 10, even if it sticks the wavelength dispersion component 9 on the shape-of-beam 
amendment means 10, it does not matter even if it forms in the shape-of-beam amendment means 10 
directly. 

[0054] Moreover, although the diffraction grating was illustrated as a wavelength dispersion component, 

it is possible not only a diffraction grating but to use similarly, even if it is an ESHURE grid. 

[0055] 

[Effect of the Invention] According to this invention, there is the following effectiveness so that clearly 
from having explained above. According to invention of claims 1 and 2 and claim 3, since shape-of- 
beam amendment means, such as prism, are formed in the replica on the front face of a diffraction 
grating, moisture resistance will be improved. 

[0056] Moreover, by amending the outgoing radiation light of a wavelength dispersion component with 
a shape-of-beam amendment means, the nonlinearity resulting from the cosine component of the 
outgoing radiation angle of a wavelength dispersion component will be compensated with the 
nonlinearity by the cosine component of a shape-of-beam amendment means, and flattening of a 
wavelength dispersion property becomes possible. 

[0057] Moreover, an improvement of the temperature characteristic is attained by amending the 
temperature coefficient at the time of unifying a wavelength dispersion component and a shape-of-beam 
amendment means with the temperature coefficient by refraction by the plane of incidence of a shape- 
of-beam amendment means. 

[0058] furthermore, the thing for which the refractive index of the medium of shape-of-beam 
amendment means, such as prism, is enlarged -- wavelength — without it sacrifices resolution — a 
spectrum — the miniaturization of equipment is attained. 



[Translation done.] 
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